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SECTION  I 

INTRODUCTION  AND  BACKGROUND 

The  aeroacoustlc  phenomenon  associated  with  aerodynamlcally 
Induced  cavity  pressure  oscillations  has  been  studied  during  the  past  20 
years  by  several  Investigators  (References  1  through  15).  Significant 
knowledge  has  been  gained  but  the  phenomenon,  due  to  Its  complex  nature. 

Is  not  completely  understood.  Methods  to  predict  the  pressure  oscillations 
occurring  In  open  cavities,  as  determined  from  wind  tunnel  tests,  have 
been  reported  by  Smith  and  Shaw  (Reference  15).  Only  a  few  of  these 
previous  Investigations  address  the  problem  of  suppressing  the  cavity 
pressure  oscillations.  Heller  and  Bliss  (Reference  3)  presents  the  results 
of  a  study  In  which  numerous  suppression  concepts  were  evaluated  through 
wind  tunnel  tests.  They  show  that  several  devices  can  effectively  sup¬ 
press  the  oscillations;  however,  the  effectiveness  varied  with  (1)  Mach 
number,  (2)  length- to-depth  ratio,  and  (3)  size  and  relative  locations 
of  the  suppression  devices. 

The  current  effort  was  undertaken  to  verify  the  effectiveness  of 
the  most  promising  of  these  devices  with  flight  tests.  A  munitions 
dispenser  pod  was  modified  to  accommodate  a  single-  or  double-cavity 
configuration  along  with  the  oscillation  suppression  devices.  The 
cavities  were  instrumented  with  microphones,  static  pressure  taps,  and 
a  thermocouple.  The  modified  pod  was  installed  on  the  F-4  aircraft  and 
flight  tests  were  performed.  Mach  numbers  for  the  flights  ranged  from 
0.6  to  1.3  and  the  altitudes  were  3,000,  20,000  and  30,000  feet.  Data 
from  eight  different  configurations  were  obtained.  This  report  discusses 
and  summarizes  the  results  and  conclusions  of  the  flight  test. 

Detailed  description  of  the  test  articles.  Instrumentation,  and  test 
procedures  are  given  in  Section  II.  Section  III  presents  a  detailed  dis¬ 
cussion  of  the  results.  Included  In  the  discussion  are  the  effects  of  the 
suppression  devices  on  the  cavity  temperaturo,  static  pressures  and 
fluctuating  pressure  levels.  Section  IV  summarizes  the  results  of  the 
program. 
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SECTION  II 
DESCRIPTION  OF  TEST 

1 .  TEST  ARTICLES 

Figure  1  shows  a  picture  of  the  SUU-41  munitions  dispenser  pod  used 
In  the  tests.  The  standard  pod  has  ten  small  compartments  but  was 
modified  to  accommodate  two  rectangular  cavities.  A  drawing  of  the 
standard  pod  along  with  the  modifications  Is  shown  in  Figure  2.  Each 
cavity  was  8.5  Inches  deep.  17  Inches  long,  and  8.75  Inches  wide.  A 
cover  was  placed  over  the  rear  cavity  to  give  a  single-cavity  configuration. 
The  eight  configurations  tested  are  Illustrated  In  Figure  3.  Configuration 
1  was  a  single  rectangular  cavity.  Configuration  2  was  the  single  cavity 
with  side  doors  protruding  Into  the  fr^e-stream  flow.  All  remaining 
configurations  had  the  doors  Installed  In  conjunction  with  the  suppression 
devices.  The  third  configuration  was  a  single  cavity  with  the  trailing 
edge  ramped  at  a  45°  angle.  The  depth  of  the  ramp  was  3  Inches.  The 
fourth  configuration  was  the  same  as  the  third  with  spoilers  installed 
just  ahead  of  the  leading  edge.  The  two  spoilers  were  1-5/8  Inches  high 
(which  was  the  approximate  boundary  layer  thickness  ac  the  20,000  foot 
altitude),  2-3/4  Inches  long,  end  were  Installed  at  a  45°  angle  to  the 
flow.  Configuration  5  was  the  same  as  configuration  3  except  an  airfoil 
was  Installed  just  ahead  of  the  ramp.  The  sixth  configuration  was  a 
double-cavity  configuration,  with  the  center  insert  and  the  rear  wall 
ramped.  The  seventh  was  a  double-cavity  configuration,  with  the  flow 
deflectors  on  the  leading  edge,  center  insert,  and  the  trailing  edge. 

The  deflectors  were  designed  to  deflect  the  flow  away  from  the  cavity 
openings.  The  final  configuration  was  the  same  as  the  seventh  except 
the  deflector  on  the  leading  edge  was  removed.  Figure  4  shows  details 
of  the  suppression  devices. 

2.  INSTRUMENTATION 

The  cavities  were  instrumented  with  Gulton  MVA2100  microphones, 
static  pressure  taps,  and  an  iron-constantan  thermocouple.  Figure  5  shows 
the  location  of  the  instrumentation  for  the  single  cavity.  There  were 
eight  microphones,  four  static  pressure  taps,  and  one  thermocouple 
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Figura  5.  Instrumentation  Location  in  the  Single  Cavity: 

M-Microphone,  P-Static  Pressure  Tap,  T-Thermocouple 
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located  as  shown.  The  microphones  were  flush-mounted.  Figure  6  shows 
the  Instrumentation  location  for  the  cioubie-c&vlty  configuration.  A  total 
of  10  microphones,  8  static  pressure  taps,  and  one  thermocouple  were 
utilized  for  this  configuration. 

3.  TEST  PROCEDURES 

The  Instrumented  cavlcies  were  Installed  In  the  modified  SSU-41  Pod 
mounted  on  a  triple  ejection  rack  on  an  RF-4C  aircraft  as  shown  In 
Figure  7.  Flight  tests  were  performed  at  3,000,  20,000,  and  30,000  feet. 
The  Mach  number  ranges  were  0.60  -  0.92,  0.60  -  1.20,  and  0.60  -  1.30, 
respectively.  During  each  flight  the  aircraft  slowly  accelerated  from 
the  lowest  speed  to  the  highest  speed  and  then  climbed  to  the  next  altitude 
and  started  again.  All  of  the  flights  were  flown  over  the  Gulf  of 
Mexico. 


Figure  6.  Instrumentation  Location  In  the  Double  Cavity: 

M-MIcrophone,  P-Statlc  Pressure  Tap,  T-Thermocouple 
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Figure  7. 


SECTION  III 
DISCUSSION  OF  RESULTS 


1.  CAVITY  TEMPERATURE  VARIATIONS 

To  monitor  the  temperature  In  the  cavity,  one  thermocouple  was  In¬ 
stalled  In  each  configuration  tested.  The  thermocouple  was  located  as 
shown  In  Figure  5.  References  3.  4.  and  15  :how  that  the  temperature  In 
cavities  exposed  to  free-stream  flow  approaches  the  free-stream  stagnation 
temperature.  Since  the  ambient  temperature  was  not  recorded  during  the 
current  flight  tests.  It  was  Impossible  to  determine  If  these  data  follow 
the  same  trend.  The  measurements  were  made  to  determine  the  effect  of  the 
suppression  devices  on  the  cavity  temperature.  Again,  not  knowing  the 
ambient  temperatures  enters  an  unknown  In  comparing  the  cavity  temperature 
from  each  of  the  configurations;  that  Is,  the  flights  were  not  all  flown 
on  the  same  day.  Thus,  If  the  ambient  temperature  changed  significantly 
during  the  course  of  the  flight  tests,  the  Internal  cavity  temperature 
would  be  affected.  However,  since  all  of  the  flight  tests  were  completed 
within  three  weeks,  the  ambient  temperature  for  the  30,000-foot  altitude 
was  considered  fairly  constant. 

Temperature  data  obtained  from  the  nearest  weather  station  (Apalachicola, 
Florida)  indicated  that  the  ambient  temperature  at  the  30,000-foot  altitude 
varied  less  than  3°F  from  the  average  during  the  time  of  the  flight  tests. 
Analysis  of  other  sources  of  temperature  data  near  the  flight  test  area 
indicates  that  the  temperature  variances  for  Apalachicola  are  representative 
of  the  subject  test  area. 

Temperature  results  from  the  30,000-foot  altitude  for  each  of  the 
configurations  are  presented  In  Figure  8.  Data  are  presented  for  Mach 
numbers  from  0.6  to  1.3.  The  cavity  temperatures  are  seen  to  decrease 
at  the  low  Mach  numbers  and  then  rapidly  Increase  at  the  higher  Mach 
numbers.  This  Is  the  case  for  nearly  every  configuration. 

As  explained  In  Reference  15,  this  behavior  is  essentially  a  result 
of  the  flight  test  sequence.  The  flight  tests  were  flown  from  the  lowest 
altitude  to  the  highest  altitude  with  the  aircraft  going  immediately  to 
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the  higher  altitude.  The  stagnation  temperature  at  the  20,000-foot 
altitude  for  Mach  number  1.2  Is  approximately  110°F  higher  than  at 
30,000  feet  for  Mach  number  0.6.  Thus,  tue  cavity  wall  temperatures  are 
significantly  higher  than  the  Initial  stagnation  temperature  at  the 
start  of  the  30,000-foot  run  since  the  cavity  did  not  have  sufficient 
soak  time  at  the  speed  and  altitude,  As  the  speed  Increases,  the  stag¬ 
nation  temperature  Increases  and  exceeds  the  temperature  of  the  cavity, 
and  the  cavity  temperature  starts  to  increase  and  continues  to  rise  for 
the  remainder  of  the  flight. 

It  is  of  interest  to  note  the  suppression  device  effect  on  the 
cavity  temperature.  Comparing  the  results  at  the  maximum  speed,  one  sees 
that  most  of  the  configurations  displayed  about  the  same  temperature. 

Two  of  the  configurations  show  temperatures  well  above  the  others.  These 
are  ramp  and  the  ramp  airfoil  configurations.  The  conclusion  drawn  is 
that  these  configurations  result  In  less  turbulence  In  the  cavity;  thus, 
the  temperature  more  closely  approaches  the  stagnation  temperature. 

2.  STATIC  PRESSURES 

In  order  to  determine  the  effects  of  the  suppression  devices  on  the 
static  pressure  distribution  in  the  cavities,  they  were  Instrumented 
with  static  pressure  ports.  Each  cavity  had  four  static  pressure  ports 
located  as  shown  In  Figures  5  and  6.  The  static  pressures  measured  In 
l-  flight  were  obtained  via  a  scanivalve  which  had  its  reference  port  open 

4  *.0  the  ambient  pressure,  hence  the  measured  levels  were  referenced  to  the 

^  local  ambient  pressure  for  each  flight.  The  signal  from  the  scanivalve 

was  recorded  on  magnetic  tape  and  later  reduced  In  the  laboratory. 

The  static  pressures  for  configuration  1,  clean  single-cavity,  are 
presented  In  Figure  9.  Data  are  presented  for  3,000-  and  30,000-foot 
j  altitudes  for  the  entire  Mach  number  range  of  the  test.  The  3,000-foot 

altitude  data  only  goes  up  to  Mach  number  0.9  which  was  the  upper  limit 
i  for  the  aircraft  at  that  altitude.  The  Insert  in  the  figure  Indicates 

t  the  relative  location  of  the  pressure  ports.  A  comparison  of  the  3,000- 

i  and  30,000-foot  data  reveal  a  significant  difference  between  the  levels. 
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Figure  9.  Static  Pressure  for  the  Clean  Single-Cavity 
Configuration 
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This  difference  can  he  attributed  essentially  to  the  free-stream  static 
pressure.  However,  normalizing  with  static  pressure  still  results  In  the 
low-altitude  data  being  greater  than  the  high-altitude  data. 

The  Mar.h-number  effect  for  each  port  location  Is  also  shown  In 
Figured.  In  general,  the  levels  Increase  with  Mach  number.  At  negative 
pressure  locations  the  pressure  decreases  some  before  Increasing.  The 
levels  for  the  high  altitude  tend  to  show  a  maximum  value  at  the  higher 
Mach  numbers.  This  Is  most  evident  for  the  results  from  the  rear  wall. 

The  variation  between  the  high-  and  low-altitude  results  displayed  the 
same  trend  for  each  of  the  cavity  configurations  tested. 

Another  way  to  view  the  data  Is  its  longitudinal  variation  along 
the  cavity.  This  was  done  In  Figure  10.  Data  for  four  Mach  numbers  are 
shown  revealing  a  dramatic  variation  along  the  cavity.  The  static  pres¬ 
sures  near  the  center  are  approximately  equal  to  the  free-stream  value, 
while  the  levels  at  each  end  are  well  above  the  free-stream  value, 
especially  at  the  higher  Mach  numbers.  These  distributions  give  an 
indication  of  the  flow  pattern  in  the  cavity.  That  is,  for  the  low-Mach 
numbers  the  low-speed  vortlclty  areas  in  the  corners  are  low  pressure 
and  this  should  be  fairly  large  In  comparison  to  the  high-Mac.h  number  - 
high-pressure  size. 

The  static  pressures  on  the  rear  wall  are  much  lower  than  those  just 
ahead  of  it  on  the  floor  of  the  cavity,  for  there  is  as  much  variation 
of  the  rear  wall  as  on  the  floor.  The  distribution  of  the  static  pressure 
on  the  rear  wall  is  shown  in  Reference  11.  In  Figure  11  the  current 
flight  data  for  Mach  number  1.2  is  compared  to  the  wind  tunnel  results  of 
Reference  11.  The  agreement  is  good  considering  the  vast  differences  in 
test  conditions.  The  levels  near  the  front  and  rear  are  reasonably 
consistent,  but  the  levels  near  the  center  tend  to  be  higher  for  the 
current  data.  The  levels  on  the  rear  wall  are  nearly  the  same. 

The  static  pressures  in  t.he  cavity  were  altered  by  the  suppression 
devices.  The  results  for  each  configuration  are  compared  to  a  basic  case 
to  determine  the  effect  of  the  devices.  Only  data  for  Mach  number  0.8 
and  1.2  from  the  30,000-foot  altitude  were  used.  The  first  configuration 
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Figure  11.  Comparison  of  Current  Flight  Data  ( - )  From  the 

Single  Cavity  at  30,000  Feet  at  Mach  Number  1.2  to 
the  Wind  Tunnel  Data  ( - )  in  Reference  11 

presented  in  Figure  12  is  the  single  cavity  with  doors.  The  doors  are 
not  a  suppression  device  but  since  they  were  installed  for  the  other 
configuration,  these  data  should  be  the  baseline  to  which  the  others 
are  compared.  The  doors  only  had  a  small  affect  on  the  distribution  at 
subsonic  speeds  but  had  more  affect  at  supersonic  speeds  as  seen  in 
Figure  12.  At  Mach  number  1.2  the  static  pressure  at  the  front  remained 
the  same  while  it  was  increased  at  the  center  and  decreased  at  the  rear. 
The  real  wall  pressure  decreased. 

The  first  suppression  device  considered  is  the  ramp.  Figure  13  shows 
a  comparison  of  the  data  from  the  single  cavity  with  door  configurations, 
with  and  without  a  ramp.  The  affect  on  the  distribution  Is  nearly  the 
same  for  subsonic  and  supersonic  speeds.  The  levels  at  each  end  of  the 
cavity  decreased,  except  for  Mach  number  0.8  at  the  front,  and  increased 
at  the  center.  This  could  be  Interpreted  as  a  reduction  of  the  vorticity 
in  the  cavity  since  the  distribution  Is  more  uniform. 
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Figure  13.  Comparison  of  the  Static  Pressure  Distribution  for 
the  Single  Cavity  with  Doors  Configuration  with  a 

Ramp  ( - )  and  without  a  Ramp  ( - )  for  30,000- 

Foot  Altitude 

The  next  configuration  considered  is  the  ramp-spoiler.  These  results 
are  shown  in  Figure  14  along  with  the  baseline  case  of  single  cavity  with 
doors.  Results  from  all  four  measurement  locations  decreased.  The 
magnitude  of  reduction  for  the  supersonic  speed  is  much  greater  than  for 
the  subsonic  speed.  This  could  be  an  indication  that  the  ramp-spoiler  is 
more  effective  at  the  higher  speeds. 

Figure  15  displays  the  ramp-airfoil  configuration  results.  Subsonic 
data  are  not  available  due  to  anomalies  In  the  data  acquisition  system. 

The  static  pressure  at  the  front  was  reduced  and  at  the  renter  it  was 
increased  while  at  the  rear  it  was  reduced  only  a  small  amount. 
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Figure  14.  Comparison  of  the  Static  Pressure  Distribution  for 
the  Single  Cavity  with  Doors  Configuration  with  (- 

and  without  ( - )  a  Ramp  and  Spoiler  for  30,000- 

Foot  Altitude 
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Figure  15.  Comparison  of  the  Static  Pressure  Distribution  for 

the  Single  Cavity  with  Doors  Configuration  with  ( - ) 

and  without  ( . )  a  Ramp  and  Airfoil  for  30.0C0- 

Foot  Altitude  and  Mach  Number  of  1.2 

The  next  configuration  discussed  is  the  double  cavity  with  doors 
and  ramp  on  both  cavities.  Again,  the  baseline  case  Is  the  single  cavity 
with  doors.  It  is  used  for  each  of  the  double  cavities.  Figure  16  shows 
the  results  for  both  fore  and  aft  cavities.  The  distribution  in  the  fore 
cavity  is  nearly  the  same  as  that  shown  in  Figure  13  for  the  single  cavity 
with  ramp.  Vhe  main  difference  is  for  Mach  number  1.2.  The  levels  in 
Figure  16  ar<i  lower  than  those  in  Figure  13.  The  Influence  of  the  aft 
cavity  on  the  fore  cavity  appears  to  be  greater  at  the  supersonic  speeds. 
The  distribution  in  the  aft  cavity  is  seen  to  be  different  from  the  fore 
cavity.  The  levels  at  the  front  and  center  are  lower  but  at  the  rear  they 
are  about  the  same.  The  airflow  over  the  aft  cavity  Is  definitely  altered 
from  that  over  the  fore  cavity  and  thus  is  expected  to  have  a  different 
pressure  distribution  in  It. 
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The  results  from  the  double-cavity  configuration  with  the  fore- 
center-aft  deflectors  are  presented  In  Figure  17.  An  Interesting  result 
Is  observed  In  the  forward  cavity.  The  static  pressure  distribution  Is 
maximum  at  the  center  of  the  cavity  Instead  of  the  rear.  Essentially, 
the  same  levels  were  measured  at  both  subsonic  and  supersonic  speeds. 

An  explanation  for  this  variation  Is  not  readily  apparent.  The  aft  cavity 
has  distributions  consistent  with  the  other  configurations.  The  levels 
In  the  aft  cavity  are  nearly  equal  to  the  free-stream  value  at  the  front 
and  center  and  somewhat  greater  at  the  rear. 

The  last  configuration  presented  Is  the  double  cavity  with  center 
and  aft  deflectors.  These  results  are  shown  In  Figure  18.  The  distribution 
In  the  forward  cavity  was  changed  only  a  little  while  that  In  the  rear 
was  significantly  altered.  For  the  deflector  to  be  effective  it  must  be 
at  the  leading  edge  of  the  cavity.  Note  that  in  the  rear  cavity  the 
supersonic  levels  are  lower  than  the  subsonic  ones  for  much  of  the  cavity. 
The  deflectors  are  apparently  more  effective  at  the  higher  speeds. 

3.  FLUCTUATING  PRESSURE  LEVEL  VARIATIONS 

Past  research  has  shown  that  the  fluctuating  pressure  levels  In 
cavities  can  be  significantly  affected  by  the  addition  of  suppression 
devices.  An  early  example  of  suppressing  the  environment  is  given  in 
Reference  11.  Three  different  size  spoilers  were  investigated.  They  were 
installed  at  the  leading  edge  of  the  cavity  perpendicular  to  the  flow. 
Suppression  as  high  as  26  dB  ih  the  peak  level  was  obtained  from  the 
best  device.  Rossiter  concluded  that  the  pressure  fluctuations  may  be 
suppressed  by  fixing  a  small  spoiler  ahead  of  the  cavity.  One  must  use 
caution  in  generalizing  his  conclusion,  mainly  because  his  results  were 
for  only  one  length- to-depth  v,atio  (L/D=l)  and  the  model  size  was  fairly 
small  (L=8",  D=8”).  There  is  still  concern  that  small  scale  results  cannot 
be  directly  applied  to  full  scale  configurations.  Frequencies  have  been 
shown  to  scale  reasonably  well  with  a  Strouhal  number  based  on  cavity 
length  but  the  amplitudes  do  not  scale  well. 

A  more  recent  and  more  extensive  investigation  into  the  effectiveness 
of  suppression  concepts  is  presented  in  Reference  3.  Numerous  concepts 
were  evaluated  by  means  of  water  table  tests,  low-speed  open  air  jet. 
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REAR  CAVITY 


Figure  18.  Comparison  of  the  Static  Pressure  Distribution  In  the 

Single  Cavity  with  Doors  ( - }  to  the  Double  Cavity 

with  Center  and  Aft  Deflectors  { - )  for  30,000-Foot 

Altitude 
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and  large  wind  tunnel  tests.  Four  of  the  numerous  concepts  tested  were 
shown  to  be  successful.  These  four  are  shown  In  Figure  19.  The  effective¬ 
ness  of  the  concepts  are  shown  In  Figures  20  through  22.  Reductions  as 
large  as  25  dB  were  measured.  As  seen  In  Figure  3  these  concepts  were 
Included  1r,  the  current  flight  tests.  The  cavities  tested  were  Instru¬ 
mented  wltn  microphones  to  measure  the  fluctuating  pressure  levels  which 
were  used  to  evaluate  the  effectiveness  of  the  suppression  concepts.  The 
microphones  were  located  in  the  cavities  as  illustrated  In  Figures  5  and  6. 
The  results  are  presented  as  one-third  octave  band  spectra.  Due  to 
anomalies  In  the  data  acquisition  system,  fluctuating  pressure  data  were 
not  obtained  for  configurations  7  and  8  (see  Figure  3). 

Figures  23  through  27  present  spectra  from  the  single  basic  cavity. 

The  data  in  Figure  23  are  from  along  the  floor  of  the  cavity  for  a  Mach 
number  0.8  and  3,000-foot  altitude.  The  narrow  band  energy  at  the  modal 
frequencies  is  very  pronounced  for  all  locations  on  the  floor.  The  peak 
levels  occur  at  the  second  modal  frequency  for  all  locations.  However, 
for  other  Mach  numbers  this  Is  not  always  the  case  as  will  be  shown 
below.  One  notes  that  there  Is  a  significant  decrease,  approximately 
18  dB,  in  the  maximum  level  at  specific  locations.  This  was  anticipated 
because  of  the  standing  waves  that  exist  In  flow-induced  cavity  pressure 
oscillations.  These  standing  waves  have  been  documented  In  References  3, 

4,  and  15.  Figure  24  illustrates  the  longitudinal  variations  of  the 
resonant  peaks  for  data  from  the  30,000-foot  altitude.  Maximum  levels 
occur  at  the  fore  and  aft  bulkheads  with  the  lowest  levels  at  the  center. 

As  with  the  3, 000- foot  data,  the  spread  In  the  30, 000- foot  data  Is  also 
approximately  18  dB.  The  data  from  the  other  configurations  showed 
similar  longitudinal  variations. 

The  variation  of  the  levels  with  Mach  number  Is  illustrated  In 
Figure  25.  The  levels  In  general  Increase  with  increasing  Mach  number. 

The  magnitude  of  the  increase  is  greater  at  the  higher  frequencies 
(above  500  Hz)  than  the  lower.  Note  that  the  first  and  second  modal 
frequencies  do  not  display  the  same  Mach  number  effect.  The  second  modal 
frequency  amplitude  Increases  with  Increasing  Mach  number  but  the  first 
modal  frequency  amplitude  show  a  maximum  level  near  Mach  number  0.8. 
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Figure  20.  Effect  of  Upstream  Spoilers  at  45°  Angle  of  Attack  on 
Leading-Edge  Bulkhead  Pressure  Signal:  M  a  0.9; 

L/D  a  2.3  (continuous  line  refers  to  unmodified  cavity) 
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Figure  21.  Effect  of  Training-Edge  Slant  with  and  without  Upstream 
Spoilers  on  Leading-Edge  Bulkhead  Pressure  Signal: 

=  0.8;  L/D  «  2.3  (continuous  line  refers  to  unmodified 
cavity;  dashed  line  refers  to  trailing  edge  slant  only; 
dotted  line  refers  to  combination  of  traillng-edge  slant 
and  upstream  spoilers) 
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Figure  22.  Effect  of  Traillng-Edge  Slant  In  Combination  with  a 

Detached  Cowl  on  Leading-Edge  Bulkhead  Pressure  Signal: 

»  0.8;  L/D  =2.3  (continuous  line  refers  to  unmodified 
cavity;  dashed  line  refers  to  cowl  trailing  edge  located 
at  cavity  mouth  level;  dotted  line  refers  to  cowl  trailing 
edge  located  2  in.  above  cavity  mouth  level). 
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Figure  23.  One-Third  Octave  Band  Spectra  for  the  Single  Basic  Cavity 
for  Mach  Number  0.8  and  3,000-Foot  Altitude 
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Figure  27.  One-Third  Octave  Band  Spectra  from  the  Single  Basic 
Cavity  from  Microphone  7  for  Mach  Number  1.20  for 
20,000-  and  30,000-Foot  Altitudes 
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The  reason  for  the  difference  Is  that  the  second  modal  frequency  Is  not 
excited  at  the  lower  Mach  numbers  while  the  first  modal  frequency  Is  not 
excited  at  the  higher  Mach  numbers.  This  excitation  phenomenon  Is  not 
sufficiently  understood  to  explain  the  Mach  effect  on  the  modal  amplitude. 

Flow-Induced  pressure  oscillations  In  shallow  cavities  have  been 
shown  to  scale  with  free-stream  dynamic  pressure.  Spectra  from  the 
three  test  altitudes  for  the  single  basic  cavity  configurations  are  shown 
In  Figure  26.  The  data  are  for  a  subsonic  Mach  number  of  0.8.  Normalizing 
with  dynamic  pressure  accounts  for  5  dB  between  the  3,000-foot  and  20,000- 
foot  data;  4  dB  between  20,000-foot  and  20,000-foot  altitude  data.  The 
data  are  considered  to  scale  well  at  most  frequencies.  Supersonic  data, 
Mach  number  1.2,  are  presented  In  Figure  27.  Data  for  the  3,000-foot 
altitude  are  not  available  at  this  Mach  number  due  to  flight  limitations. 

It  Is  evident  that  the  levels  scale  reasonably  well  at  supersonic  Mach 
numbers  also.  The  data  from  all  of  the  test  configurations  displayed, 
in  general,  good  dynamic  pressure  scaling. 

Figures  28  and  29  illustrate  the  effect  the  doors  had  on  the  levels 
in  the  cavity.  Comparisons  at  Mach  number  0.8  are  seen  In  Figure  28. 

It  is  evident  that  the  doors  had  a  very  small  effect  at  almost  all 
frequencies.  The  effect  is  somewhat  greater  at  Mach  number  1.2  as  shown 
In  Figure  29.  The  broadband  levels  were  altered  only  1-3  dB,  but  the 
first  and  third  modal  frequency  amplitudes  were  altered  6-7  dB.  The  first 
modal  frequency  amplitude  was  increased  by  that  amount,  while  the  third 
was  lowered  by  the  same  amount.  The  second  modal  frequency  amplitude 
was  not  affected.  Even  though  there  were  substantial  variation  at  their 
frequencies,  the  overall  level  Is  the  same  for  both  configurations. 

Figures  30  and  31  show  the  effectiveness  of  the  aft  bulkhead  ramp  In 
suppressing  the  internal  levels.  Mach  number  0.8  data  are  presented  In 
Figure  30.  The  second  modal  frequency  amplitude  Is  suppressed  20  dB, 
while  the  first  is  only  suppressed  7  dB.  The  broadband  levels  are 
generally  lowered  6-7  dB.  In  essence.  It  could  be  concluded  that  the 
first  modal  frequency  amplitude  was  not  suppressed  at  all  since  the  broad¬ 
band  levels  were  lowered  by  the  same  amount.  Regardless  of  how  it  Is 
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Figure  30.  Comparison  of  the  Spectra  from  the  Single  Cavity  with 

Doors  with  ( - )  and  without  ( . )  a  Ramp  for  Mach 

Number  0.8  and  30,000-Foot  Altitude 
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viewed,  the  total  energy  In  the  cavity  Is  lowered  because  the  overall 
level  Is  reduced  by  10  dB.  Significantly  different  results  occurred  at 
the  supersonic  Mach  number  of  1.2  (Figure  31).  The  first  modal  frequency 
amplitude  was  suppressed  Instead  of  the  second,  and  the  broadband  levels 
were  lowered  approximately  8  dB.  The  reason  for  the  switch  In  suppressed 
frequencies  Is  not  sufficiently  understood  to  give  a  plausible  explanation. 
The  overall  level  was  reduced  16  dB. 


The  trailing  edge  ramp  is  seen  to  be  effective  In  suppressing  one  or 
the  other  frequencies.  However,  If  spoilers  are  added  at  the  leading  edge 
of  the  cavity,  both  frequencies  can  be  suppressed  as  seen  In  Figures  32  and 
33.  At  Mach  number  0.8  (Figure  32)  the  ramp  and  spoiler  are  seen  to 
effectively  suppress  both  the  first  and  second  modal  freque;  cy  amplitudes. 

The  levels  are  lowered  by  20  dB  which  brings  them  &  *n  to  he  broadband 
levels.  The  broadband  levels  are  only  lowered  by  1-2  dB.  The  overall 
level  Is  reduced  16  dB.  Somewhat  better  results  are  obtained  at  the 
supersonic  speed  as  seen  In  Figure  33.  Both  frequencies  are  suppressed, 
and  the  boradband  levels  are  lowered  4-5  dB.  The  overall  level  is 
reduced  20  dB. 

I 

The  next  configuration  considered  is  the  ramp  with  an  airfoil  (see 
Figures  3  and  4).  The  1/3  octave  band  spectra  for  Mach  number  0.8  are 
shown  in  Figure  34.  It  is  revealed  that  the  first  modal  frequency  Is 
completely  eliminated,  and  the  second  frequency  Is  reduced  5  dB,  but  the 

I  - 

broadband  levels  were  Increased  2-3  dB.  The  overall  level  is  lowered 
8  dB.  The  supersonic  spectra  In  Figure  35  revealed  an  Interesting  occurrence. 
^  The  first  modal  frequency  Is  eliminated  as  at  the  subsonic  speed,  and  the 

second  frequency  Is  lowered  about  4  dB  but  Is  shifted  to  a  higher  frequency. 
The  explanation  for  this  shift  Is  a  change  In  the  effective  length  of 
the  cavity.  The  airfoil  is  mounted  ahead  of  the  aft  bulkhead.  The 
j  perturbances  In  the  shear  layer  Interact  with  the  airfoil  and  thus  the 

j  effective  length  of  the  cavity  opening  Is  from  the  forward  bulkhead 

!  to  the  airfoil  instead  of  from  the  forward  bulkhead  to  the  rear  bulkhead. 

I 

I 
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The  magnitude  of  the  shift  corresponds  with  that  predicted  by  the  Modified 
Rossi ter  equation: 

f  =  (V/L)(m-0.25)/[M/(i+0.2K2)1/2  +  1.75] 


where 

V  =  freestream  velocity 

L  =  cavity  length 

M  =  freestream  Mach  number 

ra  =  modal  frequency  number  (1,  2,  3,  etc) 

The  overall  level  is  only  reduced  about  2  dB. 

Figures  36  through  39  illustrate  the  effectiveness  of  the  ramp  fn** 
the  double-cavity  configuration.  The  spectra  from  the  single  cavity  with 
doors  and  ramp,  and  front  cavity  with  doors  and  ramp,  for  Mach  number  0.& 
are  shown  in  Figure  36.  Toe  variation  Is  seen  to  be  on  the  order  of  1-2  dB 
at  most  frequencies.  The  overall  levels  are  within  1  dB.  The  results  from 
the  rear  cavity  with  a  ramp  are  compared  to  the  single  cavity  with  doors 
and  ramp  in  Figure  37.  The  levels  are  again  only  affected  a  small  amount 
at  limited  frequency  bands.  The  modal  frequency  amplitudes  ere  essentially 
the  same  as  well  as  the  overall  levels.  The  spectra  for  supersonic  Mach 
number  1.2  from  the  front  cavity  are  seen  in  Figure  38.  It  is  revealed 
that  the  ramp  is  not  as  effective  In  the  front  cavity  at  this  speed.  The 
second  modal  frequency  amplitude  is  4  dB  higher,  and  the  first  Is  almost 
8  dB.  The  overall  level  is  4  dB  higher  than  the  single-cavity  config¬ 
uration.  The  supersonic  rear  cavity  results  are  shown  in  Figure  39.  The 
ramp  is  even  less  effective  in  the  rear  cavity.  Both  modal  frequency 
amplitudes  are  increased  7  dB,  and  the  broadband  levels  are  Increased 
5-7  dB.  The  overall  leva!  Is  Increased  7  dB.  Thus,  the  aft  bulkhead  ra,.tp 
is  essentially  as  effective  for  both  double  cavities  as  the  single-cavity 
configuration  at  subsonic  speeds  but  somewhat  less  effective  at  supersonic 
speeds. 

Due  to  anomalies  in  the  data  acquisition  system,  fluctuating  pressure 
data  were  not  obtained  from  the  last  two  double-cavity  configurations 
(Figure  3). 
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Figure  36.  Comparison  of  the  Spectra  from  the  Single  Cavity  with 

Doors  and  Ramp  (— ■ - )  and  the  Front  Cavity  with  Doors 

and  Ramp  ( - )  for  Mach  Number  0.8  and  30,000-Foot 

Altituca 
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Figure  38.  Comparison  of  the  Spectra  from  the  Single  Cavity  with 

Doors  and  Ramp  ( - )  and  the  Front  Cavity  with  Doors 

and  Ramp  ( - )  for  Mach  Number  1.2  and  30,000-Foot 

Altitude 
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SECTION  IV 
CONCLUSIONS 

A  flight  test  was  performed  to  evaluate  the  effectiveness  of  devices 
In  suppressing  the  flow-induced  pressure  oscillations  In  cavities  with  a 
length-to-depth  ratio  of  2.  The  devices  were  leading  edge  spoilers, 
trailing  edge  ramp,  and  an  airfoil  located  at  the  trailing  edge.  A  basic 
unsuppressed  cavity  was  tested,  and  the  results  compared  well  with  other 
data  In  the  literature.  Another  configuration  with  simulated  doors  was 
tested.  It  showed  that  the  doors  had  a  negligible  effect  on  the  fluctuat¬ 
ing  pressure  levels  In  the  cavities.  The  simulated  doors  were  Installed 
for  all  of  the  remaining  tests.  The  trailing  edge  ramp  was  shown  to 
effectively  suppress  one  of  the  modal  frequencies  but  not  the  other.  By 
adding  the  leading  edge  spoilers  In  conjunction  with  the  ramp,  both  modal 
frequencies  were  suppressed.  This  configuration  was  the  most  effective 
suppressor.  The  airfoil  and  ramp  configuration  only  suppressed  the  first 
modal  frequency  effectively.  A  double-cavity  configuration  with  both 
trailing  edges  ramped  was  tested.  At  subsonic  speeds  both  cavities 
displayed  nearly  the  same  levels  as  the  single  cavity  with  a  ramp. 

However,  at  supersonic  speeds  both  cavities  showed  4-7  dB  less  suppression 
than  the  single  cavity  with  a  ramp.  Based  on  the  above  results,  the 
following  conclusions  are  shown: 

1.  The  flow-induced  cavity  pressure  oscillations  for  this  cavity 
configuration  (L/D=2)  can  be  effectively  suppressed  by  utilizing  a 
trailing  edge  ramp  in  conjunction  with  leading  edge  spoilers. 

2.  The  suppression  was  effective  at  both  subsonic  and  supersonic 
speeds. 

3.  The  effectiveness  of  the  ramp  suppressor  for  the  double-cavity 
configuration  is  nearly  equal  to  that  of  the  single  cavity  for  subsonic 
speeds,  but  significantly  reduced  for  supersonic  speeds. 

4.  The  suppression  devices  raised  the  temperature  In  the  cavity  for 
all  cases. 

The  suppression  devices,  for  most  cases,  lowered  the  static  pressure 
In  the  cavity. 
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